In ideal compressible hydrodynamics there is an isomorphism between spatially one-dimensional unsteady and two-dimensional steady supersonic flow called piston analogy [7] . This notice shows that this is also true for non-equilibrium magnetosonic flow under alignment of undisturbed flow and magnetic field in case of steady flow. An example for two generic problems, i.e. the signal problem of radiation into a half space and steady flow along a kinked wall bounding a half space, is given.
Basic Equations
The MHD equations of motion for a thermodynamically relaxing fluid of infinite electrical conductivity and a single non-equilibrium process comprise the equation of mass, the momentum equation, the induction equation, the energy balance equation, the relaxation equation and the thermodynamic equations of state. They are written, in respective order, see [5] :̺ + ∇ · (̺ V ) = 0,
h =ĥ(p, ̺, ξ).
The field variables are mass density ̺, flow velocity V , pressure p, magnetic field B,and specific enthalpy h. The thermodynamic state function isĥ, the relaxation time τ is a stricltly positive function of state [3] . The inner variable ξ with its equilibrium valuẽ ξ describes either the degree of reaction in a single chemical reaction (ionization-recombination) or a vibrational non-equilibrium process in the plasma [4] . Next, linearization of the above equations is performed for small perturbations of a state of thermodynamic equilibrium (state of rest or uniform flow)
in the presence of a constant background magnetic field B 0 :̺
The relaxation time is τ 0 := τ (p 0 , ̺ 0 , ξ 0 ) and ̺( x, t), b( x, t), ... are the perturbations of mass density, magnetic field strength etc.. Omitting details the linearised flow field vector equation
with the definitions
is derived. The constants a f 0 , a e0 are the frozen and equilibrium sound speeds, respectively. Thermodynamic considerations (i.e. stability of the rest state and positive entropy production rate (see [3, 5] )) imply
Obviously for ∇ · V = 0 thermodynamic relaxation plays no roll at all; then the governing equation is
and describes Alfven shear waves. Plane magnetosonic relaxing flow is specified by
with the background magnetic field in the x, y-plane at an angle arctan(B 0 /A 0 ) between B 0 and the xaxis, orthonormal unit vectors e x , e y along the coordinate axes are used. ) as it moves to the right. Both, s-shape and front discontinuity travel faster with increase of the background magnetic field B 0 regardless of upwards or downwards orientation. The flow is realized in a shock tube with the piston at one end suddenly put to constant speed u 0 and the magnetic field transverse to the tube axis.
e. ∂/∂y ≡ 0 one derives from eq. (13),
where definitions according to
are employed. The specification of initial and boundary conditions completes the mathematical formulation:
with H(t) denoting the Heaviside jump. There are three wave speeds , B 0 / √ µ 0 ̺ 0 , a f 0 , a e0 involved now rather than just two in the case without magnetic field or just one in absence of both. The above equation is written in a form to bring out the analogy with the relaxation equation of ordinary gasdynamics [1, 2] , to which it reduces for vanishing B 0 :
In [1, 2] solutions of the last equation are presented for the piston driven tube with generating the flow by imposing a constant piston velocity u 0 for t > 0, so that a compression wave is generated. The formal method to substantiate this picture quantitively is to time-Laplace transform eqs. (19,21) and taking account of causality. Since the evolution equation (19) with magnetic field B 0 is identical in form to eq. (22) one can reinterpret the solutions of the magneto-free case accordingly. The results are, for the front discontintinuity u j (t) (Fig. 1 ):
the non-oscillatory s-shaped relaxation zone behind the front broadens its width l(t) according to
and the turning point of the s-shape (u = u 0 /2) lags behind the front at a constant rate A f 0 − A e0 ; the asymptotic representation of the solution for t
Note that l(t) is a positive quantity since due to the last inequality (14). The influence of the magnetic field can be summarized as follows: -the front discontinuity's speed A f 0 increases with the field strength and is also larger than the front speed in the absence of magnetic fields, -the jump height of the front discontinuity decreases more slowly with increasing | B 0 |,i.e. the fastest decay is achieved in the absence of magnetic background fields, -the speed gap between discontinuity and relaxation zone decreases with increasing magnetic field and is largest for vanishing magnetic field,
e. for sufficiently strong magnetic field, the piston problem is equivalent to the case without relaxation producing a constant v distribution between piston and front discontinuity of constant height u 0 traveling at the speed A f 0 into the undisturbed gas. The four statements apply regardless of the sign of B 0 . The high and low frequency asymptotics approximation of eq. (19) produces a telegraph type equation of the form
in the first and a Kelvin-Voigt type equation
in the second case, the factor T 0 (a 2 f 0 −a 2 e0 ) representing a positive coefficient of diffusion, which is independent of the background magnetic field strength. For unidirectional wave motion one findṡ
or, in comoving frames at speeds A f 0 and A e0 , resp., the signal evolution is governed bẏ
Whereas the telegraph equation is of hyperbolic type and does admit discontinuous solutions the KelvinVoigt type approximation is strictly parabolic in terms of mathematical classification [6] . The partially dispersed wave of 19) is associated with the behaviour of the signal along the wave head separating disturbed and undisturbed regions in the x, t-plane, whereas the Kelvin-Voigt part of eq. (19) desribes the behaviour sufficiently far downstream of the head wave (Fig.  2) . The complete solution of the signal problem for the regime between the head wave and the t-axis cannot, however, be expressed in terms of elementary functions.
